Introduction
Water sediments are normally the final pathway and repositories for natural and anthropogenic components produced or derived to the environment. Sediment quality is a good indication of pollution in water column, where it tends to concentrate the heavy metals and other organic pollutants [1] . Sediment is the loose sand, clay, silt and other soil particles that settle at the bottom of body of water [2] . Erosion of bedrock and soils leads to accumulation of sediments of past or on-going natural and anthropogenic processes and components. Sediments serves as a metal pool that can release metals to the overlying water via natural or anthropogenic processes, causing potential adverse health effects to the ecosystems [3, 4. 5, 6] . Many studies have revealed the distribution, enrichment, accumulation and seasonal variation of heavy metals in soil [7, 8, 9, 10, 11, 12] .
Our assessment of the sediment contamination was based on degree of contamination using the enrichment factor (EF), the geo-accumulation index (I geo ) and pollution load index [13, 14, 15, 16, 17] . The aim of this study was to assess the status of heavy metals in sediments of Elemi River in south-western, Nigeria using some tools like Enrichment factor (EF), pollution load index (PLI) and geo-accumulation indexes (I geo ).
II. Materials and Methods

Study area
Elemi river with 355 meters terrain elevation above sea level is located at latitude 7 0 37' 0.26'' N and longitude 5 0 17' 48.19'' E in Ekiti State, South-western, Nigeria.
Sampling
Sediment samples were randomly collected at ten different locations along the course of the river. Dry season samples were collected in December, 2015 while the wet season in May, 2016. The sediment samples were collected using a Shipek Grab Sampler. The samples collected were stored in clean plastic bottles in a cold container. The samples were later air-dried, grounded and sieved through 2 mm mesh size and stored in plastic bottles prior to analysis. 10 samples were collected for each season. To determine the expected natural background levels, sediment (control) samples were collected and analyzed from the bank of the river, areas remotely located from anthropogenic inputs.
2.3 Sample analysis 2.3.1 Physico-chemical analysis of sediments 2.3.1.1 Determination of pH pH of the sediment was determined by dissolving the sediment in distilled/deionized at ratio 1:5 in a 50 mL. The beaker was allowed to stand for 30 min during which it was stirred with a glass rod occasionally. The pH meter was probed into the mixture and pH value recorded.
Determination of heavy metals content of sediment
For the heavy metals, a 1.0 g aliquot sediment sample was digested with 15 mL of a high purity concentrated 7 mL-HF + 5 mL-HNO 3 + 3 mL-HCl acid mixture on a hot plate at about 110° C for 6 hours within a fume cupboard. After cooling to room temperature, the filtrate was dissolved in 0.5M HNO 3 and transferred into 100 ml volumetric flask and made up to mark with de-ionized water. A reagent blank (without sample) was prepared following the step described for sample preparation. The sample solution and blank were analyzed for the concentration of heavy metals (Cd, Cr, Fe, Zn, Pb, Cu and Mn), using Atomic Absorption Spectrophotometer AAS (Perkin Elmer, Model 306). Duplicates were employed to test for precision, accuracy and reagent purity used in the analytical procedures.
Statistical analysis
Relationships between the metals were determined by bivariate correlation using the Pearson correlation coefficient in SPSS 15.
III. Results and Discussion
Physico-chemical parameters
The mean pH and organic matter content in the sediment samples for both seasons are shown in Table  1 . Average pH of 6.80 and 6.60 were observed for dry and wet seasons. The results showed that the sediment samples were slightly acidic. The average pH of the control samples was 6.50 and 6.30 for dry and wet seasons respectively while the %O.M for control samples was 2.70 and 2.90% for dry and wet seasons. About 2.97% and 3.32% average organic matter content were recorded during the dry and wet seasons. Moderate levels of organic content have been reported to indicate high mineral content of soils [19] .
Concentration of heavy metals
The concentration range, mean and standard deviation of the heavy metals in the sediment samples for both seasons are shown in Table 2 [21] while Fe and Mn were lower with higher level of Cu, Cd and Cr as compared to other heavy metals in four major dams in Ekiti State, Nigeria.
.3 Indices of pollution
Contamination factor (CF), enrichment factor (EF) and pollution load index (PLI) were applied to assess the heavy metal contamination in Elemi River sediments. The results of CF and PLI are depicted in Table  3 . In order to assess the state of contamination of metals in the sediments, Tomllinson's Pollution Load Index (PLI) [13] and average natural background (control samples) concentration of the metals were used. Pollution Load Index (PLI) is the number of times by which the metal content in the sediments exceeds the average natural background concentration, and gives a summative indication of the overall level of heavy metal toxicity in a particular sample.
The PLI is obtained as a contamination factor (CF) of each metal with respect to the natural background value taken as control sample in the sediment [22] . CF = Where CF = contamination factor; n = number of metals; C sample = mean metal concentration in polluted sediments; C background = mean natural background value of the metal The contamination factor ranged from 0.56 (Fe) to 2.30 (Cd) and 0.27 (Fe) to 1.87 (Cu) during the dry and wet seasons with higher levels in most metals during the dry season except Cu and Mn. The results showed that the contamination factor value for Fe, Pb and Mn for both seasons were low (< 1) while Cd, Cr, Zn and Cu showed >1 in both seasons due to indiscriminate waste disposal and runoff of agricultural waste. DOI: 10.9790/2402-1103015761 www.iosrjournals.org 59 | Page
The pollution load index (PLI) was below unity (< 1) during the wet season while the dry season was a bit greater (˃ 1). This shows that Elemi River sediment had greater load of the heavy metals during the dry season. The low PLI recorded in the wet season could be attributed to the dilution factor.
The extent of Elemi River sediment contamination was also assessed using the Enrichment Factor (EF) and geo-accumulation index (I geo ) [15, 16, 17] . EF was used to assess the relative contributions of natural and anthropogenic heavy inputs to the sediments [8, 9, 17, 23] . EF has also been used as an indication of degree of pollution or contamination or both [24, 25] . EF is expressed as: Where (X/Fe) sediment is the ratio of heavy metal (X) to Fe in the sample of interest, and (X/Fe) background is the natural background value of the metal Fe ratio. EF values close to unity indicate crusted origin, those less than 1.0 suggest a possible mobilization or depletion of metals, while EF > 1.0 indicates that the element is of anthropogenic origin [26] . Table 4 showed the Enrichment values and geo-accumulation classes of the metals. The EF during the dry season ranged from 1.05 -4.17 while the wet season ranged from 1.70 -6.83. Birth [27] suggested some categories of metals with respect to natural background concentration; EF < 1 indicates no enrichment, EF < 3 is minor enrichment, EF of 3 -5 is moderate, EF of 5-10 is moderately severe enrichment, EF of 10 -25 is severe enrichment, EF of 25 -50 is very severe enrichment and EF > 50 is extremely severe enrichment. The study showed minor enrichment of Mn, Cu, Pb, Zn and Cr in the sediments during the dry season while Cd showed moderately enrichment. In wet season, Pb showed minor enrichment; Cd, Cr, Zn and Mn were moderately enriched while Cu showed moderately severe enrichment. The variation in the EF could be attributed to seasonal variation, nature of the waste been dumped in the river and physicochemical properties of the river sediment. EF of greater than 1 from the study indicates that all the metals are of probable anthropogenic origin. 
. (4)
Where C x is the measured content of the metal X and B x is the natural background concentration of metal X., 1.5 is the background matrix correction factor due to lithogenic effects.
The results (Table 4) in most cases showed very low values (< 0). Zn, Pb and Mn were < 0 in both seasons while Cd and Cr in dry and Cu during the wet season showed < 1.0. The I geo scale consists of seven grades (0 -6) ranging from uncontaminated to very highly contaminated. < 0 is practically uncontaminated; 0 -1, uncontaminated to moderately contaminated; 1 -2, moderately contaminated; 2 -3, moderately to strongly contaminated; 3 -4, strong contaminated; 4 -5, strongly to extremely strongly contaminated; ˃ 5, extremely contaminated [28, 29] . Generally, Zn, Pb and Mn in both seasons were practically uncontaminated while Cd and Cr in dry season and Cu in wet season are uncontaminated to moderately contaminated. Therefore, the I geo classes of the heavy metals in the sediments of Elemi River are uncontaminated as a result of human activities on the river.
Pearson's correlation matrixes of heavy metals in the sediment for both seasons are shown in Tables 5  and 6 . The correlation coefficient between Cr and Fe during the dry season (0.834) indicates a strong positive linear correlation at the 0.05 significance level and a common origin of these metals. Fe and Cd formed another highly correlated pair with a significant correlation coefficient of 0,834, suggesting they probably originated from some common sources. The concentrations of Zn -Fe (-0.738) and Zn -Cu (-0.816) in dry and wet seasons showed strong significant negative correlation at 0.05 and 0.01 confident level. The lack of significant linear correlation between Cd-(Cr, Fe, Pb, Mn), Fe-(Pb, Cu), Pb-(Cu, Mn) in dry season; Cr-Cd, Fe-(Cd,Cr), Zn-(Cd, Cr, Fe), Pb-Cr, and Cu-Mn in wet season suggests that its sources were quite different from those of the others.
IV. Conclusion
The study revealed contamination of Elemi River with the selected metals. Highest heavy metal concentration were found during the dry season as compared to the wet season for most metals except in Cu and Mn. CF values of Cd, Cr, Zn and Cu were high (>1) for both seasons due to influence of external discrete source like waste dump and agricultural runoff. The enrichment factor showed minor enrichment to moderately enrichment for the studied metals. The geo-accumulation index data of the sediments reflected uncontaminated to moderately contaminated of Elemi river. The need for continuous monitoring and further studies on the levels of these heavy metals should be encouraged to ascertain long-term effects of anthropogenic impact and agricultural runoff. 
